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“ Recent Progress in Dredging-Macrhinery.” 
By WILLIAM BROWN, M. Inst. C.E. 

THIS Paper will  be confined to  the better-known  kinds of dredgers, 
namely  bucket  dredgers,  suction  dredgers of the “ cutter,’’ “ drag,” 
and  “moored ” types,  and  dipper dredgers. Each of these  kinds 
within  its  limits  is recognized as  being most  suitable for particular 
conditions of dredging ; and  there  are, of coursel  variations of each 
type, designed to meet  local  conditions. The vessels selected for 
the purpose of illustration have not been  chosen because of any 
phenomenal  dredging  done  by  them, but because they have all  had 
particular  attention devoted to  their design to  meet  the conditions 
of their  intended employment. 

Too much stress can  easily be put on the question of cost of 
dredging. No fair or useful  comparisons of dredging-costs  can be 
made  unless due  regard  is had to  all  the conditions-not  only the 
cost of labour, coal, oil, and stores, but also the physical  conditions : 
all corresponding details  must be included in  the charges, and 
different  methods of accounting  must be reduced to common terms. 

BUCEET DREDGERS. 
As an example of bucket  dredgers  generally the  “Silurus ” 

(Fig. 1, Plate 4), which has only boen completed within  the  last 
year,  having  been  delayed by the war, will be described.  This 
vessel has been built to  the order of the Bombay Port Trust (the 
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Hon.  Sir F. L. Sprott,  Chairman),  and  has been constructed  under 
the supervision and  direction of the Trust’s  Consulting  Engineers 
and  Agents  in London-Sir John Wolfe Barry, K.C.B., Mr. 
Arthur J. Barry,  Sir  Walter  Hughes,  C.I.E.,  and Mr. K. A. Wolfe 
Rarry-and Mr. P. Glynn Messent, Chief Engineer  to  the  Trust, 
whose intimate knowledge of the conditions  prevailing a t  Bombay 
has been invaluable  to  the  builders  in  preparing  the designs. 

The “ Silurus ” is a twin-screw  bucket  hopper  dredger, of the 
following  dimensions :- 

Length  between  perpendiculars . . . . . .  260 feet. 
Breadth  moulded . . . . . . . . . .  46 ,, 
Depth  moulded . . . . . . . . . . .  20 ,, 

The  doors of the hopper, which has  a  capacity of 1,500 tons (30,000 
cubic feet),  are controlled by powerful  hydraulic  gear  with  auxiliary 
steam  gear. The shoots are designed  for  dealing with  very heavy 
material,  and  are of extra  width  and  fitted  with cast-steel  valves 
controlled by a  steam-winch. The  hull  is of Siemens-Martin  steel, 
in excess of Lloyds’  requirements,  and the vessel has  a  massive 
raised  forecastle.  The  hull is divided into fifteen watertight com- 
partments,  and  a special arrangement of bilge-piping  with  a  large 
independent  bilge-pump  has  been  provided.  The vessel is  ventilated 
for  working in B hot climate. 

The  steam-generating  plant  consists of two  marine  cylindrical 
multitubular boilers, 15  feet  in  diameter by 11 feet  long,  having an 
aggregate  heating-surface of 4,800 square  feet,  and  a combined grate- 
area of 138 square  feet.  They  are of mild  steel,  suitable  for  a  working 
steam-pressure of 150 Ibs. per  square  inch, each boiler  being  capible 
of driving  simultaneously one set of main  engines  and  all  auxiliary 
engines. There  are two main engines  for  propelling the vessel, or 
for  driving  the dredging-gear, as  required. These  engines, either  set 
of which is capable of driving  the  dredging-gear,  are of the marine, 
compound,  surface-condensing type,  having cylinders 22 inches and 
44 inches in diameter,  with a stroke of 27 inches. There  are  two 
condensers,  with a cooling-surface of 1,222 square  feet each. 

The  air-, feed- and bilge-pumps are  driven by levers  from the 
low-pressure  cylinders, and  the circulating-pumps  consist of two 
independent  steam-driven  centrifugal  pumps  having  7-inch  bore 
suction  and discharge  branches. An independent  feed-pump of the 
vertical  single  automatic  type,  and  special  bilge  and  service  pumps, 
are installed in  the engine  room. 

The dredger is fitted  with  electric-lighting  plant. 
The  ladder upon  which the bucket-chain  revolves is built of steel 

girders  strongly braced  laterally  and  vertically,  and is 125 feet long. 
With buckets, links  and  mountings,  the  total weight of the  ladder 
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is about 235 tons. The large  driving-wheels by which the  turning 
power is applied to  the chain weigh 17 tons each. 

The  gearing between the  main engines and  the upper  tumbler 
consists of cast-steel  bevel  and  spur wheels  having  machine-cut teeth 
and secured to  steel  shafting carried in massive  pedestals.  This 
gear is so arranged that with a constant  piston-speed of the main 
engines  two  speeds of the buckets  can be obtained, an arrangement 
which  permits of the dredger  successfully and economically tackling 
hard  and  soft  materials. 

Buckets of two sizes are provided,  one set of 42 cubic  feet  capacity 
for excavation in soft  material,  and  a  smaller  set,  each of 22 cubic 
feet capacity, of massive  design for dredging in  hard  material. 
They  have  cast-steel backs, bodies of rolled  plates of mild steel, and 
lips of manganese-steel. On the chain of small  buckets each 
alternate bucket  is  fitted  with  manganese-steel tines,  and  in place 
of each fourth  bucket  on  the  chain  very  strong  grubbers  having 
manganese-steel  shoes are  fitted. 

The  ladder  hoisting-gear  consists of massive  steel  wire  rope 
blocks connected to  the lower end of the ladder  by  heavy  side  rods, 
the upper  end of the tackle  being  attached  to  strong  girder sheers. 
The  lifting  end of the rope  tackle is led to a large  hoisting-drum 
actuated by steel  spur  gearing  having machine-cut teeth  and  driven 
from an independent  set of vertical  surface-condensing  engines. 

For  regulating  and  controlling  the  cut of the dredger  three 
powerful  independent mnnceuvring winches are placed at   the bow 
and  one at the  stern.  Their gears, which have  helical teeth, were 
designed  with  special  regard to  the onerous nature of the  dredging 
work to be done. 

A donkey  boiler is provided  for  use  when the  main boilers are 
out of action,  and  an  independent  engine  and  gear is  provided for 
turning  the buckets  for  repairs. 

For the reason  mentioned this  dredger has not  yet been set to 
work ; but  the following  particulars of the work  performed by the 
dredger “ Corozal ” on the  Panama  Canal will illustrate  the capacity 
of dredgers of this  type,  the “ Silurus” being  very  similar to  the 
“ Corozal ” although  the.  latter’s  buckets  were of somewhat  larger 
capacity. 

Dredging on the  Panama  Canal consists of prism  excavation,  i.e., 
the work of excavating  the  canal proper, and  auxiliary dredging, i.e., 
excavating  side  channels  and  terminal  harbours,  reclaiming  land, 
making necessary  fills for buildings,  etc. 

The first and only unit of modern  plant purchased in  this country 
for the construction  and  maintenance of the canal was the ladder 
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dredger “ Corozal,” which was acquired for  the purpose of excavating 
a peculiar material  that existed in  the  canal  on  the Pacific side 
between the Miraflores locks and  the sea. This  material, especially 
in  the 4 miles immediately  south of the locks, consisted of, first, a 
top  layer of silt, which was usually removed by a lighter class of 
dredger,  and secondly a rock of varying degrees of softness inter- 
spersed with  hard rock. A contour map of this  hard rock shows 
that over nearly  all  the  area  there was a blanket of the  soft rock, 
10 t o  25 feet  in thickness,  above the lcvel of the canal-bottom 
(45 feet below mean sea-level). 

The “ Corozal ” handled very satisfactorily this  soft  and previously- 
broken  hard rock, with  an  output  ranging  from 3,000 to 10,000 yards 
of rock per  24-hour  day. The  harder  parts of the  soft rock were 
handled by cutting 6-inch layers ; in  the  softer as much as 4 feet 
were cut at one  passing of the dredger. This dredger was very 
eflicient in  the rock of the  harder reefs after  they were blasted, but 
not  in  the Culebra Cut work of removing the slides, as she was not 
designed to  cut  her own flotation through  high banks, but only 
through shoals. 

Table I shows the work  done by thc “ Coroznl ” in  the  year 
ending May, 1916. 

TABLE I.-nREDQRR “ COROZAL,’’  1915-1916. 

Tear. 

-~ 
1915. 

June . . . . . . .  
July . . . . . . .  
August . . . . . .  
September . . . . .  
October . . . . . .  
November . . . . .  
December . . . . .  
Janmry 

1916. . . . . . .  
February . . . . .  
March . . . . . .  
April . . . . . . .  
May . . . . . . .  

Collic Yard$. 

173,267 

44,222 

140,519 

106,901 

91,985 

141,500 

91,656 

171,570 

179, 880 

158,680 

2.42 
d. 

5.90 

3.03 

3.55 

3.56 

3.02 

4.12 

2.9i  

2.71 

3.15 

70,333 ’ 4 .46  

138,600 , 3.62 

[aiutcnanc, 
per 

hbic Yard. 

1.59 
d. 

6.27 

4 .77  

5.52 

4.43 

5.13 

~- 

e 

.. 

l 
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The  highest  daily  and  monthly records  since the vessel entered 
service in  April, 1912, are :- 

Day’s Record. Month’s Record. 
~~~~~ ~ ~ ~~ 

l 
Cubic k7ards. i Date. Date. Cnbic Yards. 

-- - __ ~~~ 
~~ ~~ ~ ~~~ __..___ 

10,801 February, 1916 179,880 June 2, 1915 

Designed primarily as a hopper  dredger, the ‘‘ Corozal ” has been 
utilized  almost  exclusively as a stationary  ladder  dredger loading 
barges o r  flats moored alongqide. It must  not be inferred, however, 
that  there was anything  haphazard in   the decision to purchase a 
hopper  ladder  dredger.  The  engineers of the  Isthmiun  Canal 
probably  took the view that  after  the canal  had been cut a powerful 
bucket hopper  dredger would  be more suitable  for  maintenance 
dredging,  and offer less obstruction  to  navigation in a relatively 
narrow  waterway, than a stationary  ladder  dredger  with  the 
attendant barges. 

During  the year 1913-14, the 1,000-ton  Bombay Port  Trust 
bucket  hopper  dredger “ Kuphus ” was for a portion of the year 

TABLE II.-DREDOER “ KUPHUS,” WITH AND WITHOUT BARGES. 

I Alolle as Hopper 
Dredger. 

l 
Channels. 

Working-days, 
Days. 

including} 9og 

~. 

overtime . . . . 
Hours loading . . . 213 15 

Hours  under  steam . . 866 10 

Hrs. LIins 

Tons. 

Tons. C W t  

Distance run in sea miles 
CO&, exclusive of interest 

1,113 

and depreciation :- 
d. 

Lifting  per ton . . I . . 

Dun. 
~ ~~~~ ~ 

Days. 

5* 
Brs. Mins 

19 30 

43 0 
Tons. 

Tons. Uwt 
14  7 

36 

6,093 

~~ 

With Hopper  Barges. 

Channels. 

- 
l 

Days. 

11; 
IIrs. Mins 

53 30 

100 45 

30,600 
Tons. 

Tons. Cwt 
27 6 

.. 

d. 1 d. 
.. I 1.65 

.. 

4.79 

Flagstaff. ~ 

Shoal. 

Unys. 1 Uays. 

78 j 245 
I 

Hrs. Yins.’  IIrs. Bfins. 
43 50 1,298 0 

84 0 2,109 45 
Tons. Tons. 
8,400 341,054 

m l s .  Cwt,. TOW Cwt. 
1G 10 51G 16 

.. .. 
l 

ll. 
4.70 1 3!05 

1.23 l 1.09 

5.93 j 4-17 
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employed as a hopper dredger  transporting its own dredgings to 
sea, and  for  the  remainder of the  year  as a stationary  dredger 
loading hopper barges. The  results  thus  obtained  are  interesting 
and  instructive. 

The best day's work  alone was on  the  1st September, 1913, when 
5,000 tons were lifted  and deposited in  6 hours  and 15 minutes 
actual loading, with a consumption of 7 tons  12 cwt. of coal, 

The best day's work  with barges was on the  29th  September, 
when 6,000 tons were lifted  and deposited in 10 hours  and 
45  minutes  actual loading, with a consumption of 12 tons 5 cwt. 
of coal. 

The " Kuphus " is provided with two sets of buckets,  one set, each 
of 18 cubic feet capacity, for  free  material,  and one set, each of 
11 cubic feet capacity, for  hard  material. 

The  dredging vessels owned by the Bombay Port  Trust include 
also the powerful bucket  barge-loading'dredger '' Octopus," arranged 
for dredging  to a depth of 44 feet. The work accomplished by this 
dredger  during  the  year 1913-14 is shown in Table I11 :- 

TABLE ~~~.-DREDGER " OCTOPUS," 1913-14. 

~ ~~~ -~ ~~~ ~~ ~- 

Working-days,  including  overtime . 
Hours loading . . . . . . 
Hours under  steam . . . . . 
Tons dretlged . . . . , . . 
Coal col~sumed . . . . . . 
Cost exclusive of interest  and 

Depreciation : - 
Liftingper  ton . . . . . 
Depositing  per tor1 . . . . 

Channels. Docks. 
____ ~. 

Dtys, I Days. 

Hrs. Mins. Hrs. Mins 
44 50 89 15 

/ &  i 214 

61 0 

35,000 
Tons. 

Tons. C w t  
19 5 

d .  
0.77 

0.213 
--- 

Total  cost  per  ton . . . 1 1.70 

152 50 
Tons. 
59,200 

Tons. C w t  
60 3 

1.38 
d. 

2.41 

3.79 

Flagstaff 
Shoal. 

Days. Days. 
~ loo& 1 2414 
Hrs. Mins. Hrs. Mins. 
600 20 11,504 25 

~- ~~ 

906 50 

144,960 
Tons. 

Tons. Cwt 
247 13  

3.37 

2.83 

d. 

-__ 
6.20 

!,OS9 35 

443,600 
"onS. 

Tons. Cwt. 
793 2 

d. 
2.35 

1.99 

4.37 

The  greatest  monthly  output was 96,700 tons in February, 1914, 
in removing a dam, with 204 days overtime. The best day's 
work of this  dredger  in  the channels was on the  6th September, 
1913, when 11,000 tons were lifted  and deposited in 12 hours 
50 minutes  actual loading, with a consumption of 16 tons 8 cwt. of 
coal. 
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The  best day’s work in  the docks was on the  17th September,  1913, 
when 6,800 tons  were  lifted  and deposited in 8 hours 25 minutes 
actual  loading,  with a coal-consumption of 19  tons 11 cwt. 

CLAY-CUTTING, SUCTION, RECLAMATION DREDGERS. 
These  dredgers  give  satisfactory  results in all  kinds of clay, as 

well as in free  material, and  on occasion cutter  dredgers  have been 
employed on stiff  blue  clay and  on  hard chalk,  which  have been 
found to  test severely the capabilities of powerful  bucket  dredgers. 
I n   t h e  case of a cutter  dredger owned by  the  Admiralty, it was 
found that  the results  obtained in stiff’ blue  clay and  in chalk  were 
quite double the  quantities  that  had been raised  by  powerful  bucket 
dredgers  working  on the same materid  and  in  the same  situations. 
The cost of repairs  and  renewals in  cutter dredgers  when  working 
in  hard  materials is less than  with  bucket  dredgers, owing to  their 
wearing  parts  bcing  much  fewer, the only p ~ r t s  of importance 
subject to  hard wear  being the cutter-blades  and the liner-plates  of 
the pump, as against  the buckets,  pins and bushes,  tumblers,  and 
ladder-rollers of a bucket  dredger. 

The  clay-cutting,  suction  dredgers “ Jinga ” and “ Kalu ” (Figs. 2, 
Plate 4), which are selected  for  description,  were  ordered  by the 
Bombay Port  Trust  under  the Chairmanship of Sir Walter Hughes, 
C.I.E,, for  carrying  out  the  vcry  large  reclamation sehcme instituted 
by the  Trust a number of years  ago at the Mazagon end of the 
harbour,  where  there  is a large  area of s ldlow water  lying off 
Sewri. The  port  had  grown  with such rapidity  that  the  port 
authorities  had  to  extend  the  area of their  land,  and  the only 
method  open to them was rec1:rmation. The  total  area reclaimed 
is 580 acres, a11 of which  was  accomplished by the  “Jinga ” and  the 
“ Kalu.”  The  actual filling  ranged  from a few  feet to 18 feet in 
the deepest places. Part of the reclaimed area was low-lying 
foreshore, but 525 acres was actually recovered from the sea. 

At   the opening of the Alexandria Dock at Bombay  on the com- 
pletion of the reclamation scheme, the Viceroy  referred to  the 
reclamation in  the following terms :- 
“ The  present dock scheme, indeed,  includes  the  addition  to  the  Trust  property 

of a considerable  area  filled by a novel  process of suction  dredging. You, in 
Western  India, should take  a special interest  in reclamation, for  tradition, wllicll 
is familiar t o  every student of Hindoo  mythology, tells how the hero Parashuram 
shot an arrow from the  crest of your rockbound Chat  and drove back the yea from 
the underlying  strip of country now bearing the name pf Konkan.  The Port 
Trust, followiug this nucient and venerable prcccdent, has contiuuecl to  drive  the 
sea frsm your  shorex, and has given you from its I d  a large part of the fine 
dock scllcrnc which is before us to-day.” 
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The ‘‘ Jinga ’’ and  the ‘ 6  Kdu ” were  designed to dredge 2,000 
cubic yards of soft clay and  mud per hour  from a depth of 30 feet, 
and discharge the  material so dredged to a distance of 4,500 lineal 

. feet on  shore; The  dredging  depth was subsequently increased to 
40 feet.  The dimensions of these vessels are :- 

Length on main  deck . . . . . . . . .  205 feet. 
13readtl: moulded . . . . . . . . . .  42 ,, 
I h p t h  . . . . . . . . . . . . .  13  ,, 

The  dredging-pump is a 39-inch centrifugal pump, driven  bya  set of 
triple-expansion, inverted,  direct-acting, surfme-condensing  engines. 

The  dredger  has two sets of compound surface-condensing  engines, 
sufficient to propel her at a speed of about 7 knots. Either of 
these  engines can be used for  working  the  cutter.  The  four boilers 
are of the  marine, cylindrical,  horizontal, multitubular type, with a 
working-pressure of 180 lbs. per square  inch,  and  are provided with 
Howden forced draught. 

The  cutter is of rotary  pattern,  constructed of steel, and  fitted 
with renewable wearing plates. 

Both  suction  and discharge  pipes are 39 inches in  diameter.  The 
floating  pipe-line  consists of 39-inch steel pipes 80 feet long, each 
length being carried  on two floaters of 54 inches diameter,  and each 
70 feet long. The discharge pipes are connected by cast-steel ball- 
and-socket  joints  to  give flexibility and  to  suit  the movement of 
the dredger. 

It being found necessary, later,  to  have some shorter floating 
pipes, six pipes 30 feet  long were  obtained,  for  increasing the 
flexibility close to  the  dredger.  The  actual  length of floating 
pipe used by the  dredgers  when  working varied  considerably.  On 
one occasion the ‘‘ Jinga” was pumping  through 2,700 lineal  feet of 
floating pipe. The  remaining distance of discharge was taken by 
shore delivery pipes;  these  as  first used were in  lengths of 20 feet, 
but  subsequently  lengths of 30  feet were obtained. Some short 
lengths of 10 feet, 5 feet,  and 2 feet were also made, as well as two 
telescopic pipes, which were found  very useful  when  connecting 
two  long  lengths of pipe. An  experiment made to ascertain  the 
velocity of  flow in  the pipes gave the following result :- 

Length of floating  pipe 2 , 700 
,, ,, pipe up to shore . . . . . . . .  40 
,, ,, shore pipe . . . . . . . . . .  1,625 

Total  4,365 

Lineal Fect. 
. . . . . . . . .  

__ . . . . .  
Time  taken for material  to  travel from the  dredger to  the clischarge 6.: minutes. 

Velocity, 1le:trly 700 feet l’er minute. 
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Three  suction  cutter  dredgers, ench with 1,000 feet of floating 
pipe-line  and a terminal pontoon with  80  feet overhang  were 
ordered by the  Indian  Government  for  dredging  the  Twmte Canal, 
Burma,  and were  designed under  the direction of Messrs. Sir J. H. 
Biles and Company, Naval  Architects to  the  India Office. 

The  Twante Canal. was constructed  with  the object of shorten- 
ing  the distance by water between the  China-Ba-Kir  river  and  the 
Rangoon  river.  The  distance between Twantewa on the China- 
Ba-Kir  river  and Rangoon,  via the  Twante Canal, is 245 miles, as 
against  80 miles by  the Bassein  Creek route. 

The  system of dredging decided upon  was the employment of 
suction  cutter  dredgers to cut  the  hard clay that formed the  bank 
and bed of the canal,  suck up  the  material  thus  disintegrated,  and 
pump it through a floating  pipe-line to alongside of wherever it was 
desirable to deposit it upon the  bank ; the  material was then to  be 
raised,and discharged by means of a floating terminal pontoon with 
n raised pipe overhanging  the  bank.  The  bank was to have  one 
marginal  embankment to  prevent  the spoil from  returning  into  the 
canal, and  another  boundary  embankment  to  prevent  the spoil 
from  spreading on to private  property.  Land  for receiving the 
dredgings was acquired, averaging 700 feet  to 1,000 feet  in  width, 
and a reserved strip of land 200 feet broad was acquired  upon the 
opposite  bank. 

The  dredgers  arrived  in  Rangoon  under  their own steam  during 
October, 1912. They were found to be exceedingly good sea-going 
boats  although of light  draft,  and  they experienced no difficulty in 
negotiating  the monsoons on their voyages to  India.  The pipe- 
lines  and  terminal  pontoons were sent  out  in  parts  and erected 
locally. All three boats are somewhat similar  in design, but one is 
slightly  larger  than  the  other two. 

The “ Oswnld ’’ and “ Campbell,” the  two smaller  boats,  have 
24-inch suction  and discharge pipes and were designed to excavate 
and discharge 780 cubic yards of spoil per hour.  The “Lees” 
(Figs. 3, Plate 4) was designed to dredge and discharge at the  rate 
of 1,200 cubic yards per hour,  her  suction pipe being 30 inches in 
diameter  and  her discharge pipe 27 inches. The  reduction was 
specified with a view to being able to make use of the pipes of 
another  suction  dredger  already  in  the  country at the  time of 
orclering. 

The  terminal pontoon overhang of 80 feet  has proved insuflicient 
to allow the discharge to reach far enough over the bank, and a t  
the  Rangoon end,  owing to  the 20-foot range of tide,  dredging was 
only possible a t  high water.  An  additional drawback to  the  short 
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overhang was  found to be that  the spoil,  being  very  heavy 
clay, did  not flow but heaped  up,  causing either land-slides or 
subsidence of the bank and consequent  raising of the level of 
the canal-becl. 

The “ 0sw:tld’s ” discharge  overhang  has  been  lengthened to 97 
feet of 20  inches  diameter  while that of the “ Lees ” has been 
further reduced in diameter  from 27 inches to 24  inches, thereby 
allowing the  length  to be increased to 110 feet. 

The “ Campbell ” has worked at the Twantewa  end of the canal, 
where the  greatest  tidal  range is only 8 feet, and so has not 
had to hnve the  diameter of her discharge-pipe  reduced. Had  the 
overhang been  increased 40 or 50 feet,  great economy  would 
have  resulted,  by  dispensing  with  100 coolies  who have to be 
employed to prevent  the spoil  from  piling up  near  the marginal 
embankment. These coolies  cost about S100 per  month  per 
dredger. 

A new terminal pontoon with an overhang of 200 feet  has  been 
ordered  for the “ Lees,” and upon its. arrival it is intended  to 
convert  her  terminal  pontoon  into one  for the “ Oswald ” having an 
overhang of about 150 feet ; the war  has,  however,  unfortunately 
delayed  delivery. 

Where  the canal  had  only to be  widened from 200 to 300 feet 
bed-width  no  great  diEculties were  experienccd due to  the  short 
overhang, but where the “ Lees” was set  to excavate the 18O-foot 
bed-width of the new cut behind the Kanoungto  Creek  the spoil 
became heaped to a height of as much  as 25 feet  and  continually 
brought  the  bank  down  in avalanches. Where  no  undamaged  bank 
remained  for  her to place her spoil  upon, a dock was  cut by manual 
labour into which  she was banked a t  high  water,  the  small  basin in 
which she worked  being kept filled with  water  entering at every 
high  tide tlwough a by-pass. By  this  means  she was kept at work 
at  high-water level, but even then she  had  frequently  to  stop 
dredging  and  pump only  water, so as to wash the piles of spoil 
away. All coal, water,  and  stores  had  to be transhipped a t  excessive 
cost at   the embnnked  end, and a good deal of trouble was  caused 
whenever any  large  part  had  to be sent  to Rangoon  either for 
repairs or in exchange for a  spare  part. 

The  dredging cost is mnch higher than it would  hnve  been had 
the overhangs of the terminal pontoon  been  longer than  they  are. 
The progress  reports, of which an  abstract  is  given in Table VI, 
show most of the  statistics of work clone and costs. 

The  averages  for  the  last  year  in cubic yards  per  hour are:  
“ Osmald,” 845 ; “ Campbell,” 1,430 ; “ Lees,” 1,480 ; these com- 
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paring  favourably  with  the  guarantee specifications of 780, 780, 
and 1,200  respectively. 

The best weekly average for each boat in  cubic yards  per  hour 
is :-“ Oswald,” 1,600 ; “ Campbell,”  1,825 ; “ Lees,” 2,100. The 
comparative inferiority of the “ Oswald’s ” output is attributable 
to  her reduced  discharge-pipe. The “ Lees” would also certainly 
discharge  more if her discharge-pipe had  not been  reduced. 

TABLE VI.-ABSTRACT R E P O l t T  OF DREDGERS OSWALD,” ‘‘ CAMPBELL ” AND 

‘‘ LEES” FOR l 2  MONTHS ENDING DEC~.:MBRR, 1014. 

Number of days  dredger worked . 
Cubic  yards  dredged : - 

Quantity  excavated . . . . 
Per working-day . . Average 

,, dredging-hour . 
,, working- ,, . 

Nature of soil . . . . . . 
ToLa1 cost of working dredger. . 
Average cost  per  cubic  yard’ 

dredged . . . . . . . , 
Cost  per  cubic  yard,  including 

interest at 4 per  cent. and 
depreciation a t  6  per  cent. . . 

L‘  Oswald.” 

251 

1,229,010 

4,896 

701 

480 

Clay and  silt 

B ,  420 

1.84d. 

3 ’ wart. 

‘‘ Campbell.” 
_____ 

233 

1,990,834 

8,544 

1,068 

767 

Clay and  silt 

210,475 

1.26d. 

1.99d. 

1‘ Lees.” 

a01 

1,795,636 

8,933 

1,225 

626 

Clay and  silt 
Clay and 

2211,095 

1.48d. 

2.17d. 

Some years ago the  Author described fully the fleet of dredging 
vessels employed at Durban.l  Since  then, however, that  dredging 
plant  has been augmented  by a number of very powerful  suction 
dredgers  including  the  cutter-suction reclamation dredger “ Labrus ” 
(Figs. 4, Plate 4). With  the possible exception of Liverpool, no 
port hampered by sandbars  has  made such  progress in comparatively 
recent  years as Durban. 

From  the following Tables it will be seen that  up  to  the  end of 
1914, the  total volume of solids removed amounted  to 81,737,292 
tons. Of this aggregate, 16,895,849 tons were  raised at the 
harbour-entrance, where the work is largely in the  nature of 

4 Trws. Inst, cf Engineere and Shipbuilders in Scot,land, vol. xlv, p, Ni. 
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maintenance,  though  not to  the  extent one might be tempted  to 
believe.  This is clear from  the  fact  that whereas in  the year  1884, 
when +-edging was started,  the low-water depth at  the  entrance 
was 7 feet 2 inches, in 1914 it had  reached 36 feet 5 inches, The 
difference of  29 feet 3 inches,  therefore,  represents  a  clear  gain, 
which, in  the main, was obtained by dredging.  To the  extent 
to which  dredging was responsible for this increase of depth, the 
work was purely of a constructional  nature. It is estimated that 
not more than 30 per  cent. of the  total volume of 16,895,849 tons 
represents  maintenance. 

The  highest  output was reached in  the years  1904  and 1905,  when 
the dredging  5eet consisted of three  bucket dredgers,  six  sea-going 
pump  dredgers  (average  hopper-capacity  about 1,800 tons), and  four 
small  stationary  pump dredgers. The  high  output reached  was 
partly  due  to  the  fact  that some of the  larger  ships were put  on day- 
and-night  shifts. I n  1907-8, a  large  portion of the programme 
then  in course of execution  being  completed, and  a period of financial 
depression  supervening,  a  policy of retrenchment was adopted, as a 
result of which four of the pump  dredgers  and  two  bucket  dredgers 
were  sold, and development  work  practically  ceased. In 1910 a, 
resumption of development  took place, chiefly a t  Congella: and 
since 1911-when the ‘‘ Labrus ” was added to  the 5eet-the  work 
of maintenance  and development  has proceeded steadily  to  the  full 
output capacity of the  four  principal ships-“ Labrus,” ‘‘ Cetus,” 
“ Nautilus,”  and “ Snipe.” 

The  total  output of the  cutter  suction  and reclamation  hopper 
dredger ‘‘ Labrus ” (Figs. 4, Plate 4),  between starting work  on the 
14th  August, 191 1, and  the  31st December,  1914, was 2,446,000 tons, 
the whole consisting of stiff clay and  mud which,  before its removal 
by  suction,  had to be  disintegrated  and made fluid-work for  which 
the vessel was specially  designed. The  material was raised  from the 
site,  immediately  adjoining the Congella wharf, and  then repumped 
ashore  from the ship’s  hopper through  varying  lengths of piping, 
the longest attaining  about 2,500 feet. In this way a twofold 
operation was carried  out practically  as  one, that  is,  a  basin of 
deep water was gradually  made,  while  simultaneously the low-lying 
marshes, extending  from  the  line of wharf to  the railway-track a t  
the back, were reclaimed and converted into valuable  land. 

The 3,000-ton  suction  hopper  dredger “ Cetus ” (Figs. 5, Plate 4), 
started work on  the  4th September, 1905, and  up  to  the  3  1st December, 
1914,  she  had  raised  a total of 18,698,500  tons,  working at  the  rate 
of 6 days  per week and 11 hours  per  day  (except  Saturdays, when 
only 7 hours  were  worked), the actual  dredging-days  averaging 

[TEE INEIT. C.E. VOL. CCIII.] e 
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232 per  annum. Her work in less tlysn 10 years  represents iLbOUt 
23 per  cent. of the  total dredgings  recorded, and she  has to  her 
account  more than 50 per  cent. of the whole material removed from 
the  harbour-entrance since the inception of dredging at  this port. 
Owing to financial  pressure, the vessel was out of commission for 
275  days in  the years 1909 and 1910. 

The 2,500-ton  suction  hopper  dredger “ Nautilus ” started work 
on  the  17th April, 1903, and  had dredged an aggregate of 18,434,900 
tons  up  to  the 31st  December, 1914. For the  greater  part of the 
years  1905  and 1906 she  worked day-and-night  shifts,  but,  on  the 
other  hand,  she was laid up owing to  retrenchment  for 617 days 
in 1908 and 1909. Her average  working-time was 247 days  per 
annum.  Her  output for the 12 years  she  has  been in service also 
represents  about 23 per  cent. of the aggregate  for  the  port. 

The “ Cetus ” and “ Nautilus ” have thus  together handled about 
46 per  cent. of the  total dredgings. 

All the  Durban  dredging  craft when in commission work 11 hours 
on ordinary  days  and 7 hours  on  Saturdays. 

I n  Table IX will be  found the average  cost  per ton  handled for 
the  four  principal dredgers. The cost includes all charges for work- 
ing,  maintenance,  insurance,  depreciation,  and  interest  on  capital, 
and may be  regzrded as a true reflex of the  actual cost to  the 
administration.  Many of the factors  which  enter  into  the cost of 
handling  must,  however, be taken  into careful  consideration. For 
instance, the charge  for  the coal consumed by  these  dredgers  is 
low and seldom exceeds 8s. per  ton.  Further,  the crews  consist 
partly of Europeans  and  pnrtly of .Kafirs :md Indians.  The  three 
large  ships “ Labrus,” “ Cetus,” and “ Nautilus ” employ  each 
14 Europeans, 18 Kaffirs and 11 Indians, or a  total complement 
of 43 hands, a t  a cost of about 23,850 per annum  for each  ship. 
The  nature of the spoil  handled, the  sites of operations, the 
method of disposing of the dredgings, and  the distance of the 
depositing-grounds,  all in  varying ways, as  already  indicated, afYect 
the cost of output. 

The spoil  handled by the “ Labrus” costs  more than  three  times 
that handled by the ‘‘ Cetus,’: but  then  the  former  is  constantly 
working in stiff clay and mud, and  further has to  repump  her 
dredgings  from the hopper to  the reclamation ground ; whereas the 
latter is, as a  rule, working  in coarse loose sand  which  precipitates 
quickly in  the hopper and is wholly clumped at  sea about 2 miles 
from  the  site of operation. 

Again, the class of work  done by the ‘‘ Cetus ” differs  from  that 
done by the “ Nautilus,”  the  latter  being principally employed in  the 
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inner  harbour, where the spoil is finey, and  precipitates  with more 
difficulty. The (‘ Cetus,”  working in coarser  material, is subject to 
greater wear and  tear on the pumps,  which  necessitates the renewal 
of fans  and  pump-liners more  often than if the vessel were working 
inside the harbour. Further, being  generally a t  work in expesed 
positions,  she is put  to a good deal of extra  strain  on  hull  and 
machinery.  All  this  explains why the average of her  working-days 
is the lowest  recorded. 

I n  view of the special  circumstances under which the Cetus ” is 
required to work, it may not  unnaturally be asked  why  her output 
is so much higher than  that of the “ Nautilus.” I n  the first place, 
her  hopper-capacity is 3,000 tons  against 2,500 tons for the 
“ Nautilus.”  Secondly, the Nautilus,”  operating  mainly  inside 
the harbour,  has to  travel a greater  distance to  reach the depositing- 
ground.  Thirdly,  owing to  the difference in  the  nature of the 
material  handled, the “ Cetus ” can  load herself in an average  time 
of about 50 minutes at  the  entrance  and 1 hour 20 minutes in  the 
entrance-channel,  while the “ Nautilus’s ” averages in  the  inner 
harbour  are much  higher-often  more than double. 

Comparing the  two vessels, apart from the  nature of their work, 
it has  been  found that  the “ Nautilus ” is the handier  and speedier. 
This  is  probably  largely attributable  to  the  fact  that while the  two 
vessels have the same  engine-power, the “ Cetus ” is  larger  and  her 
lines  not so fine as those of the  Nautilus.” 

The pumps of these  two  ships  have  given good results. For the 
past 5 years  they  have been  expected to give out,  as  the  result of 
the heavy  wear and  tcar  to which they  are  constantly  subjected, 
but  by effective and  systematic  repairs  they have been kept  up  to 
their  full efficiency and  are  still giving good scrrice. 

The chief tlifiiculty of dredging at   the breakwater a t  Durban  is 
that  the work has t o  be  carried  out in  the open  sea and subject 
to heavy  weather. To meet such  conditions it is necessary that 
the dredgers  shall be provided  with arrangements which will 
permit of their being  employed  with the minimum of danger  to 
the suction-pipe. The  suction-pipes of the  Durban dredgers are  in 
two parts, joined by flexible armoured piping  spanned by universal 
joints.  The  upper  end of the suction-pipe  is  carried  on  a  trunnion 
bearing  near the deck, and the nozzle end is controlled by hydraulic 
hois$-gear  designed to  maintain  the two lengths of pipe  relative  to 
each other in the same line of axis when  working at   any depth. 
The hoisting-gear is so  arranged that when the  length of pipe below 
the  joint  deviates  from its axis  with  the upper length,  the hoisting- 
gear  automatically  raises the lower  length,  thus allowing the lower 

Q 2  

Downloaded by [ University of Melbourne] on [24/09/16]. Copyright © ICE Publishing, all rights reserved.



‘‘23 BROWN ON RECENT PROGRESS I?j [Minutes ol 

end  to  clear the  obstruction which caused the deviation.  This 
arrangement also  allows entire flexibility of the suction-pipe in 
any direction, and  permits of the pipe  moving through a wide 
radius  without  disturbing  the nozzle on  the  ground. 

The cost of an acre of the reclaimed  land a t  Durban, including 
levelling,  hardening,  road-making,  railway-connections,  ,banks and 
curbing, was approximately &1,340, and  the value of this  land now 
is  fully  three  or  four  times  the original  cost,  every  plot  having  been 
taken up in advance by importers  and  manufacturers, who have 
built  factories  and warehouses  thereon. 

I n  computing  the cost  per  acre, no allowance was made for  the 
cost of wharf-building,  which was regarded  as  a  separate  revenue- 
earning asset, the revenue  being  derived  from  wharf-dues  and 
other  charges: if this cost be included, the average cost per  acre  is 
approximately 21,792. 

The cost of reclaiming this  land would have been much  higher, 
probably as much as 30 per  cent.  more, if the wharf-construction 
had  not proceeded simultaneously  with the dredging  operations. 

The  Durban  dredgers were  constructed  under  the  supervision of 
Mr. H. G. Humby, M. Inst. C.E. 

Yea. 

-- 
1884 

1903 j 
to 

1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 

Total . 

T l B t E  VII.-DREDCIINGS AT PORT NATAL. 

Breakwater. 
Outside 

4,017,655 

833,500 
995,000 
625,500 
669,600 
933,500 
636,500 
836,500 
994,300 
845,000 

1,243,000 
590,000 

13,219,955 
__-. 

Sites of Dredging Operntions. 
__--__ 

Section *. I 
2,718,394 

187,500 

’ ! 

I 
71,000 I 

81,000 I 
115,600 I 

t 

86,500 
38,500 

~ 

68,500 
93,000 1 

85,000 
595,000 :l:::: 100,000 

Sections 
B and C. -- 

2,160,944 

7,090;245 
388,760 
239,300 
603,800 

5,500 
122,000 
97,000 

111,500 
213,000 

3,675,894 1 5,627,049 
~~~~ .l- 

%her  Portions 
If the Harbour. 
_ _ ~  

22,344,729 

6,728,168 
6,647, G45 
4,277,341 
3,932,802 
1,805,207 
1,182,914 
1,960,328 
2,500,333 
2,709,061 
2,394,821 
2,731,042 

59,214,394 
___- 

Dredgings. 
Total 

~~ 

Tolls. 
31 , 241,722 

8,839,413 
8,102,405 
6,223,141 
5,221, G02 
2,830,707 
1,979,914 
2,962,328 
3,699,133 
3,852,061 
4,319,824 
3,468,042 

81,737,292 
--- 
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TABLE VIII.-WORK PERFORMED BY DREDGERS LABRUS,” CETUS,” 
AND “NAVTILUS.” 

Material Dredged. 

1912 

l914  _ .  , . 
1913 I :: 1 682;0001 682;0001 94 
-- 

l i ~ 2,446,000  2,446,000 I 
1905 
1906 
1907 
1908 

1909 

1910 

1911 
1912 
1913 
1914 

304,000 
625,500 
634,500 
933,500 
549,500 

551,500 

892,500 

,072,000 
535,000 

390,000 

,488,000 

Dredger Cetus.” 

277,100!  1,372,400 !2,!%~~i~I 28 
366,000  1,690,000’  2,690.500’  47 

92,0OOl 1,581,000  33 2,606,500 
158,000 659,000 1,366,500 145 “ ~ ~ , o f $ ~ ~ f i f i S i o n  

140,500 l 794,0001 1,486,000,  166 ( o ~ ~ ~ ~ $ ~ $ ~  
200,000 1,055,000’ 2,147,500 98 
283,0001 833,000 1,651,0001 169 
682,000  562,000 2,316,000 58 

32,0001 454,500~ 5 Started 4/9/1905. 

144,000~ 835,000 1 ,~9 ,0001  135 

,374,6001 9,835,900:18,C98,500~ 884 
-_ ~ .~ 

, [  year. 

I Workinp  mainlv  on 

.. 

!3,201,000 ;1,048,000,14.185,900)18,434,90011,279 ~ 

l 
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TABLE IS.-WORKIEG RESULTS PXR ANNUX OF PlmcIr.iL DREDGERS AT 

PORT NATAL. 

" Labrus " 

" S ~ ~ i p c  " 358,000 

Lnrgely employed for b r  work. 
Spoil dredged  mostly coarse loose 
sand  and  fine  stone,  all of which 
is dumped a t  sea about 2 miles 
from  lmrbour  entrance. 

mntl with  occasioml  admixture of 

i 
Used for clearing up wharf and p l y  

berthage,  cutting  and  rnaintainiug 

inside  harbour. 

Name of 
Craft. 

'' Labrus " 

" Cetus " 

" Nautilus 

Snipe " 

Pelican 

" Penguin 

' l  Curlew 

I '  Ibis " 

" 

' " 

' 

" 

l I i Tonnage. HL$c 
1 Net. I Qross. 

Descrip city 
tion. ~ ~-~ ~ (.rons 

Rand). 
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The  dredging  plant employed a t  Lagos  has  been  designed and 
built  under  the  direction of the Consulting  Engineers,  Messrs. 
Coode, Matthews,  Fitzmaurice  and  Wilson. 

The  plant is of a  two-fold  character. First, pump  dredging 
plant  has been  used in connection with deepening the  bar a t   the  
entrance  to  the  harbour.  Hitherto  this  bar  has been  subject to  
considerable  fluctuations,  which are now being  reduced as a  con- 
sequence of the prolongation of certain  training-works  with a view 
to regulate the scour and  to produce  a permanent deep-water 
entrance, aided  by pump  dredging,  which it is hoped later on  may 
be discontinued. 

The  dredgers  employed  particularly  for  this part of the work a t  
Lagos are  the  pump hopper  dredgers “ Egerton ” and “ Sand- 
grouse.” I n  their  main  features  they  are much  alike,  with the 
exception that  the “ Sandgrouse ” is  a much larger vessel, having n 
hopper-capacity of 1,800 tons,  and  is provided  with  hopper  pump 
discharging  apparatus, while the “ Egerton’s ” hopper-capacity is 
1,200 tons,  and  she  has  no pump  discharge. 

The dimensions of the ‘‘ Sandgrouse ” are :- 

Length. . . . . . . . . . .  291 feet 
Breadth . . . . . . . . . .  45 ,, 
Depth . . . . . . . . . . .  18 ,, 9 inches 

and  she  has  two  sets of triple-expansion  surface-condensing  engines 
driving  twin screws, and one set of triple-expansion  engines con- 
nected  directly to  the dredging  pump,  which is designed to dredge 
and discharge sand  into  the hopper at  the  rate of 1,800 tons in 
45 minutes. Steam is supplied  by three  marine cylindrical multi- 
tubular boilers  constructed for a worl&~g-pressure of 180 Ibs. per 
square  inch. 

The  outboard  suction-pipe is placed in a well forward  and consists 
of two parts  jointed  together by flexible armoured  piping  spanned 
by a universal  joint.  The  upper  end of the suction  pipe is carried 
on  a  trunnion-bearing  near  the deck, and  the nozzle end is controlled 
by  hydraulic  hoisting-gear. This  arrangement  permits of entire 
flexibility of the suction-pipe in  any direction, SO as to minimize 
the damage that  might  result when  working in stormy  weather  and, 
rough seas. 

The moorings of the dredger  are controlled by independent  steam 
windlasses, and  in  addition  an  automatic mooring-machine is 
provided aft. 

The  remaining  dredging  plant a t  Lagos  has  been  provided  chiefly 
with R view to the reclitmatiop of certain wwamps,  by filling them 

b 
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with  sand  raised  by the pump  dredgers “ Egerton ” and “ Sand- 
grouse ” and pumped  ashore.  There  is also a cutter  suction  dredger 
to remove certain patches of clay and  harder  material which could 
not be readily  dealt  with by pump  dredging  alone. 

The reclamation  dredger  is  specially  arranged  for  pumping from 
barges  alongside by means of two  independent  dredging  pumps 
driven  by  triple-expansion  surface-condensing  engines, the pumps 
being so arranged  that  they may  work either singly or in series, 
depending  upon the distance the  material is to be discharged. I n  
order  to  facilitate  dredging from the open-well  barges,  water is pro- 
vided by a  large  independent  centrifugal  pump  driven  by  independent 
triple-expansion  engines,  and  steam is supplied  by three cylindrical 
multitubular boilers  constructed  for 180 lbs.  per  square  inch  working- 
pressure. The  suction-  and discharge-pipes are each 27 inches in 
diameter,  and  the  dredger is designed to  discharge 1,000 tons of 
sand  per  hour  to  a  distance of 6,000 feet,  and  to  a  height of 12 feet 
above  flotation  level. 

The dimensions of the dredger  are :- 
Length . . . . . . . . . . . . .  160 feet. 
Breadth . . . . . . . . . . . . .  35 .. 
Depth. . . . . . . . . . . . . .  13 ,, 

One set of independent  triple-expansion  engines  driving a single 
screw is provided for propelling. 

The suction cutter  hopper  dredger for Lagos, now under  con- 
struction, is  fitted  with  one  set of triple-expansion  surface-condensing 
engines, arranged  to  drive  the  dredging pump or  the propeller as 
may  be  required,  and  the  dredging  pump  has  suction  and discharge 
branches 27 inches in diameter in common with  all the  other Lagos 
dredgers. 

The outboard  suction-pipe  is  fitted  with a special drag nozzle 
having  powerful water-jets along the  cutting edge  for use when 
dealing  with compact sand, while a spiral  rotary  cutter,  driven by 
machine-cut  spur-gearing  from an  independent  set of compound 
engines, is provided for dealing  with clay and  harder  material. 

The  discharging  arrangements  are provided for loading the 
vessel’s hopper and  for loading into barges  alongside. 

The  hopper has a capacity of 600 tons, and is fitted  with 
discharge  valves  controlled  by  hydraulic  gear,  for  discharging 
direct;,  while  keelsons are also  provided to enable the load to be 
discharged  overside for reclamation  purposes. 

A spedal  feature of the vessel is that four  independent  auto- 
matic  mooring-machines, four capstnns, apd one steam  windlass are 
provided  for  mooring  purposes, 
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DRAG SUCTION DREDGERS. 

After  very  elaborate trials and experiments  on  the  Punta  del 
Indio, Buenos  Aires, with  various  types of dredgers, it was found 
that  the best  results  were  most  likely to be  obtained  from a 
suitably-designed  suction  dredger-the  type  finally decided upon 
being the " drag-suction ?' or " moorless " type. The " M.O.P. 210 C " 
(Figs. 7, Plate  5)  and " M.O.P. 211 C " which the  Author  has selected 
to illustrate  this  type of dredger  were  designed and constructed to 
meet the conditions  prevailing at Buenos  Aires and  the character 
of the  material  met  with  there. 

Each vessel has a  hopper-capacity of 1,650  cubic metres (2,160 
cubic yards)  and  is  fitted  with  four  sets of triple-expansion 
surface-condensing  engines. The  engines  are  arranged  in pairs, so 
that all  four  sets  are  available  for  driving  the  dredging  pump  or 
the propellers  separately,  or  two  sets  may  drive the dredging 
pumps and  two  sets  drive  the propellers at the same  time,  as  may 
be required : thus  the  full available horse-power can be concentrated 
on the propellers or  the pumps, or half power  on the propellers  and 
half  power  on the pumps. I n  normal  dredging  work the  latter 
combination  is  adopted at Buenos  Aires. Steam  is  supplied by 
four  cylindrical  multitubular boilers  working at 160 lbs.  per  square 
inch  steam-pressure,  The  condensing-plant is entirely  independent 
of the  main  engines  and  is of the most  modern  description  and 
arrangement. 

The hopper arrangement  includes  suction keelsons  whereby the 
load  on the hopper  can be discharged  over the ship's side for 
reclamation  purposes, the hopper, of course, being  also  arranged 
for  bottom  discharge  through hopper  doors  controlled by powerful 
hydraulic  gear. 

The  outboard  suction-pipes are carried  on a girder pivoted to  the 
ship at the  upper  end. 

The  drag nozzle is specially wide, and is fitted  with  water-jets 
along the  cutting edge for use with compact  materials. 

When commencing  work the vessel is  steamed slowly ahead  on 
the desired line of excavation, and  the  drag nozzle is lowered into 
the  material  until  the  inlet  opening of the nozzle is  completely 
sealed by the clay to be  raised, so that  the load in  the hopper is 
made  with the minimum  amount of added  water, only sufficient 
water  being allowed to  enter  the suction-pipe to afford  lubrication. 

The  materid is  generally  discharged  into the hopper in a mortar- 
like consistency, so much so that when the load comes to  the level 
of the hopper  coamings, the pumping is stopped ; thus  the loss of 
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effective  work  and  any  troubles  due  to  silting  in  the channel from 
the overflow are  entirely  *eliminated. 

A t  places on  the  Punta del  Indio heavy  mar1 and " tosca " were 
found,  and  although it was not  contemplated in the design of these 
vessels that  they would be employed on  material of this description, 
yet  highly  satisfactory  results were obtained by the " M.O.P. 211 C," 
the  rate of output  in  the tosca being  considerably in excess  of what 
could be achieved by the  most powerful bucket  dredgers employed 
at Buenos Aires. So hard  and  free  from  water ozn this  material 
be lodged in  the  hopper  that immediately the pumps stop  men are 
able to walk  over the load in  the hopper-a unique  experience  with 
suction  dredging. 

I n   t h e  first  period of 351 days  the  dredger " 210 C " dredged and 
transported to  a distance of 1,000 metres  from  the  centre of the 
channel  5,908,383  cubic  yards of clay, a t  a continuous  output of 
1,405 cubic yards  during 4,283 hours,  and in the second period of 
262 days 5,076,644 cubic  yards, at a continuous  output of 1,534 
cubic ynrcls during 3,036 hours. I n  this second period, besides 
improving  the  output  from  1,403  to  1,534  cubic yzards, the cost W:LY 

reduced per  working-hour  from X8.05 to  27.87,  notwithstanding 
the  higher  price of coal ; so that  the cost of the dredging, which 
wm in the  first period 0.864d.  per cubic yard, was  lowered to 
0.764d.  through  the crew having become better  acquainted  with 
their  work. 

The  drag  suction  dredgers '' Cormorant " and " Canterbury " have 
done exceedingly good work at Rangoon  and  Lyttelton, N Z ,  
respectively, and  the following particulars of these dredgers and 
their  work  are given to  supplement  the  foregoing  data as to  the 
larger  dredgers of the  same  type employed at Buenos  Aires. 

At  the entrance  to  the  harbour proper of Rangoon and  for 20 miles 
up  the  river  there  exists a shoal which is formed in  the slack, water 
at the  junction of the  Rangoon  river,  the  Pegu  river,  and  the 
Pazundaung creek. This  bar,  known as the  Hastings shoal, is a 
serious  impediment to  shipping  in  the  dry-weather season, as vessels 
of more  than a certain  draft  have  to complete their loading below 
the bar. 

For  the  last 2 or 3 years  the  pipe-line  dredger " Pelican " has  en- 
deavoured to  keep  the  channel clear, but  with only moderate success, 
because her  pipe-line  and moorings prevented  the channel from being 
used  whilst  she was a t  work, and so soon as  she was removed rapid 
silting  took place, 

After a good deal of consideration the Engincer-in-Chief, Sir 
George C. Buchanan,  C,I,l3., M ,  Inst. C.$. ,  came t0 the conclusion 
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that  the best  dredger  for  this work would  be of tlle  stern-well 
drag-suction  type. 

The  dredger  “Cormorant”  (Figs. 8, Plate  5) was designed and 
constructed  under  the  direction of Messrs. P. W-. 6: C. S. Meik  and 
arrived in Rangoon  on  the  6th March, 1914. She  is 204 feet  long, 
38 feet moulded breadth,  and 17  feet 6  inches deep:  the hopper- 
capacity is 27,000 cubic feet,  mean  draft  14  feet 3  inches, and 
speed on measured  mile 95 knots.  She  carried  out some experi- 
mental  dredging in  the Monkey Point Channel  early in May,  1914, 
and commenced regular  work on the 25th of the same month;  and 
up  to  the  end of December, 1914, 912,000 tons or 18,240,000 cubic 
feet of sand  and  silt  had been  removed from  the Monkey Point 
channel  and  lhnneedaw  Reach  at a total  approximate  expenditure 
(exclusive of interest  on  capital  and  depreciation) of &2,893, made 
up  thus :-- 

L S. d. 

Iiepirs . . . . . . . . . . .  203 5 0 
Stores . . . . . . . . . . .  443 15 0 
Coal. . . . . . . . . . . .  770 10 0 

&2,893 0 0 

w<1ges . . . . . . . . . . .  1,477 10 0 

--- 

This  expenditure works out  at  a trifle  over $d. per  ton, which is 
very cheap  dredging,  more especially as dredging  has  only  been 
carried  out  on  the  ebb-tide because it was  considered that  the  silt 
and  sand  disturbed  during  the  operation  might  have  the efYect 
of  shoaling the  inner  harbour if dredging  were  continued on 
the flood. 

It is found that  the dredger fills herself better  with  the  heavy 
sand of the  Dunneedaw  Reach,  though  she  takes  longer  to  fill: 
this  is because the  sand packs better  in  the hoppers. The  average 
time  taken  in  obtaining a load of this  sand is about 30 minutes ; on 
the  other  hand, it is  found  that  the dredger fills her  hoppers  with 
light  silt, such as is  found in  the Monkey Point dredged cut, in about 
10  minutes,  though  in consequence of the  nature of the  material 
it does not pack so solidly. I n  calculating the  quantity of sand  and 
silt dredged,  100 tons  per load is allowed for wastage, that  is to 
make  up  for  the  hoppers  not  being  quite  full each  load. 

The  “Cormorant”  has proved to be a very successful dredger 
for  this  particular work, as  she  is always under  control  and does 
not block the  channel  whilst dredging. 

With a view to counteract the dificulties of keeping  a  straight 
goqrse jn the currents experienced in the Rangoon river, the 
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“ Cormorant ” is  fitted  with  steering-jets, so that  the vessel  can be 
steered  quite  independently of the  rudder. These jets  are  very 
powerful. At  the  trials  on  the Clyde it was found that  they were 
able to  turn  the vessel in  her own  length,  and it was also  found 
possible to keep the vessel on a straight course with only  one 
engine a t  work. 

To  sum up the dredging  performances  last  year, the  bar  has been 
kept down, and on a neap-tide,  which  only occurs two  or  three 
times a year,  there  is a minimum  depth of 2 2 5  feet a t  high  water 
compared with 19; feet  in  previous years. I n  ordinary  dry-weather 
springs  there  is 33 feet 6 inches of water  as cornpared with 30 feet 
6 inches  before  dredging ; while in   the monsoon there is 35 feet 6 
inches, as compared  with 30 feet 6 inches  before  dredging. 

The  dimensions of the Rangoon  dredger “ Cormorant”  and  tlle 
Lyttelton  dredger  “Canterbury ” are alike.  The  only  important 
difference  is in  the  arrangement of the propelling and pumping 
machinery. 

In   t he  “Cormorant,”  on  account of the  strong  current  met  with 
in  the Rangoon  river, it is necessary at all  times  to  have  the  full 
propelling power available ; consequently  only  one  pump was fitted 
driven by  independent.  engines,  while  two  sets of engines  were 
fitted for propulsion, each driving,  one  twin screw  direct. 

In   t he  “ Canterbury ” the machinery  arrangements  are  similar in 
all  respects to  the  arrangements  already described for  the  dredgers 
“ M.O.P. 210 C ”  and M.O.P. 211 C.” 

The specific gravity of the grey clay dredged  by the  “Canter- 
bury ’’ is 1 * 88 in  the solid : when it is allowed to settle  for a month 
and  the  water  is  poured OB’, the specific gravity  is 1 *64, and  the 
specific gravity of the ordinary load is abont.1-43. 

Where  the clay is  free  from  sand,  or  nearly so, it comes in slices 
off the  cutting eclge  of the nozzle, the slices being  appxrently  about 
1 fr inch  thick ; when mixed with  sand it can only be  dislodged  by the 
blows of the  cutting edge due  to  the combined action of the tide, 
the wind, the propellers, and  the rise and fall of the sea. The  strain 
of such an operation on the  cutting head and  gear  generally,  is, 
can  easily be imagined,  very  severe ; and  the lower part of the  drag 
is  supported by round  steel  stays  from the ladder-frame, to with- 
stand  the drag. 

It was also found  necessary in  the  hard  ground  to  make  the  cut- 
ting edge quite  sharp;  the edge is saw-toothed, and  the  jets come 
out at an angle of 45 degrees. 

While  in  the  ordinary course of work at  Lyttelton  nothing  but 
soft  or ha,rd  clay should be encountered,lyet,  owing  to the  fact  that 
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bucket  dredgers  have worked here for many years,  large  manga- 
nese-steel  pins  and  lumps of steel  are occasionally pumped  up. 
These  sometimes  pass through  without  any  trouble,  and  they have 
even  been  pumped up  and discharged into  the hopper and again 
sucked out of the hopper and pumped  ashore. 

These  facts show that  the dredger  is  withstanding severe treatment 
extremely well, and  that she is  not spared. She  has worked in a 
range  up  to 6 feet  from  trough  to  crest,  the usual range  being 2 to 
4  feet,  in which the best results  are  got. 

TABLE XI.-QUANTITIES,  COSTS, AND OTHER PARTICULARS OF DRAG SUCTIOX 
DREDGIXG BY “CANTERBURY,” 1912 TO 1915. 

Quantities  dredged,  in Tons . 
Cost per  Ton  (not  including 

Interest  and Depreciation) : 

Dredging . . . . 
Depositing . . . . 
Totals . . . . . 

1912 

791,674 

0.60 

1.16 

1.76 
l Tons dredged per dredging 

hour . . . . . . 
Average time of dredging  a ~ 

load . . . . . mina.), 24a 
Average time occupied 

positing  ground,  per 
steaming to  and  from  de- 

mins. 

191s 

1,176,153 

0.46 

1.18 

1.64 

2,835 

19.1 

28.9 

1914 

1,352,172 

0.35 

1.05 

1.4 

3,231 

16.8 

30 

1915 

1,411,416 

0.46 

1’19 

1.65 

3,293 

16.3 

28 

DIPPER DREDGERS. 

To illustrate  this  type,  the modern  dipper  dredgers “ Gamboa ” 
and “ Paraiso,”  employed on  the  Panama Canal,  have  been  selected 
(Fig. 6, Plate 5). The capacity of the  dipper  bucket for mud  is 
15 cubic yards a t  each  filling:  for  handling  rock  a  smaller  and 
heavier  bucket is used,  those a t  present in use  being  10-cubic-yard 
buckets  built  entirely of manganese-steel. 

These  dredgers  are designed to remove  slides and  to keep the 
channel  open  for the passage of ships  through  the canal. They 
handle pieces of rock up  to 50 or 60 tons  in weight,  work 24 hours 
per  day, and  are  making, it is said, new records at  this class of 
work. 
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The slides or 1:mdslips in thc: Culebra Cut  arc chiefly composed 
of a  slate-coloured  soft  sandstone, occasional hard  trap dikes, and 
clay and boulders, the rock  giving way in masses, and being  partly 
ground  up  in  its course down the side of the  Cut. 

I n  places the  bank  has moved as  a whole, but these  dredgers  have 
been able  to  take  up  the broken  rock either  above  or below the 
water, or to dig  out  the solid  rock  where the  material comes in masses, 
without  blasting.  When  a piece of rock, so large that  it  will not 
pass through  the  bucket,  is  brought up,  a  spot is selected about  the 
centre of the rock  (where the rock  best  protects the bucket), and  a 
dynamite  charge of 3 lb. or 1 lb. of 60 per  cent.  dynamite blanketed 
with wet  clay is exploded  by  a  cap and  electric  current from the 
dredger  dynamo or from  a  firing-machine. If the spot for the 
dynamite  has been well selected,  more than one  charge  is seldom 
required  to  break  the rock. The charge  is  fired below the water, 
to avoid scattering  the rock, and  the whole operation  takes  about 
1 minute. 

The  ability  to dig into a bank of shale,  sandstone,  lignite or any 
of the softer  rocks,  dispose  expeditiously of a  rock  too  large to pass 
through  the  dipper, dig to 50 feet  depth,  and load into scows of 
almost any size, renders these  dredgers  very  valuable  for  work of 
this class, and  in  the  material handled  when  working in  the slide 
bank  they  are capable of 7,000 to 10,000 ysrds of rock  per  day of 
24 hours,  depending  on the hardness of the material.  The  material 
1l:tndled by them is  loaded into bottom-door  steel dump-scows of 
1,000  cubic yards capacity,  towed to  the lake, and dumped  outside 
the canal-channel. 

The  total  output of these  dredgers  during  their  life  with  the 
Isthmian Commission is  appended,  with  particulars of the cost. 

The  dredging on the  Panama Canal,  covering  prism and  all 
auxiliary  work in all materials,  including  rocks,  clays,  sand,  gravel 
and  silt,  up  to  the  1st  January,  1915, was 115,792,733  cubic  yards, 
a t  a cost of $0.2677 per  yard,  including  all overhead  expense. 

The principal features of the " Clamboa " and " Paraiso " may be 
summarized  as follows :- 

The hull,  which  has  a  displacement  of about 1,500 tons,  is  built 
of mild  steel, the  framing being strongly stiffened by webs and 
channels, and a heavy structural  truss  is  built  into  the  hull  with 
cross  trusses in  certain positions. 

Each  dredger  has  two  dippers, of 15  and 10 cubic yards capacity 
respectively. The  dipper-handle is Oregon fir, and 72 feet long. 
The dipper-boom is built of two  steel  plate  girders  with  curved 
top  and bottom  chords, the lower end being  fitted  with a cast-steel 
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foot  stepped in :L pivot  bearing. The swinging-circle is of structurd 
steel  and is 24 feet  in  diameter. It is  mounted  on  the  hull  truss, 
and  has  steel  centre castings and bearings.  Connection  with the 
boom is by two  horizontal  built-up  girders  projecting  from  the 
circle,  one on either side of the boom. The A frame  is  steel-girder 
work, and  the back guys  are steel-wire  rope. 

The  main  hoisting-engines  are of the  twin  tandem compound 
type  with  link-motion valve-gear. The  winding-drum is  graduated 
so as  to give  a low speed when  digging.  The  swinging-engine is of 
the double-cylinder  high-pressure  type,  with  steam-operated link- 
reversing-gear. 

The  dredger is fitted with1 three spuds. The  two  forward  spuds 
are 72 feet long by 48 inches  square. The forward  spuds are placed 
far enough back to allow  a  swing of 180” for the boom. The 
third  spud is placed centrally at  the  stern  and  is 80 feet  long and 
30 inches  square. The  forward  spuds  are  worked by steel  cables 
controlled by double-cylindered  engines ; the  stern spud is worked 
by rack-and-pinion  drive. 

All the engines  are designed for 125 lbs.  per  square  inch  steam- 
pressure,  steam  being  supplied by tw-o Scotch  marine-type  boilers. 
The  auxiliary  plant includes  a  condenser,  feed-water  heater,  electric- 
lighting  equipment, fire-service  equipment,  feed-pumps,  etc. Two 
three-drum  winding winches are also fitted  for  handling  barges,  one 
winch  being on each  side of the  main deck. 

The 15-yard  dredge “ Cascac1a.x” m ~ s  placed in commission at  
Uulebra  Slide on  the 31st  October, 1915. She h:ta 70 feet moye 
beam than  the “ Gamboa” nntl “ I’araiso,’’ and  an overhead 
spud-handling  gear. I n  all  other  details  she  is  like these  two 
dredgers. 

The following are  the  highest daily and  monthly records of the 
dredgers :- 

TABLE ~ ~ ~ . - D I P P E R  DREDGERS ‘‘ GAMBOA,” “ PARAISO,” 
AND “ CASCADAS.” 

~~ 

1 Day’s Record. Month’s Record. 
Dredger. Entered  Service. j 

~ 

i 
- 

I Cubic Yards.!  Date. -___--- ---‘---I-- Cltbic Yards.! Unte. 

Gamboa, . 4 dpril, 1914 

Paraiso . 1 7 June, 1914 

304,006 1 Mar. 1916 15,145 ~ 22 Sel’t. 1916 

Feb. 1916 330,605 23,305 ~ 18 Feb. 1916 Csscadas . I 31 Oct. 1916 

Dec. 1915 312,920 17,185 i 4 Oct. 1915 i 
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TABLE sIII.-\vORK DONE BY THE  PANAMA DIPPER  DREDGERS FOR \’EAR 

ENDING MAY, 1916. 

Year. 
~ , Cubic Yards. 

June, 1915 
July, 
August, ,, 
September, ,, 

November, ,, 
October, ,, 

December, 
January, lji.6 
March, ,, 
February, ,, 
April, 
May I 

. ,  
: l  

June, 1915 . 
August, ,, . 
September ,, . 
November, ,, . 
October, ,, . 

January, 19’;s . 
December, . 

March, ,, . 
February, ,, . 

April, 

July, ,1 . 

May 3 

3 ,  . 
1, . . 

October,  1915 . . 
December, 
November, ,, . . 
January, l$i6 . . 
March, ,, . . 
February, ,, . . 
April, 

. .  

May 
I ,  . . 
,, . . 

171,370 

280,550 
199,425 

260,845 
249,515 

266,470 
232,855 
293,230 
304.006 

l CL j 

Dredger ‘L Gavdna.” 
168,725 1 2.09 

‘2.15 

~ 1’47 
2.03 

, 1.62 
’ 1.58 

’ 1.61 
1.55 
1.52 

263 l275 1.69 
271,235  1.59 

~ 1.66 

Dredger ‘( Pamiso.” 
174,685 

203,815 
170,060 

220,940 
291,675 
262,925 
312,920 

236,235 
195,515 

299,155 
232,365 
306,435 

Dredger 
695 

296,280 
321,065 
292,675 
330.605 
309,125 
246,786 
316,770 

2.35 
2.25 

1.98 
1.65 
1.52 
1.66 
1.55 
1.86 

1.52 
1.91 
1 . 4 1  

%cadus.” 

30.72 
1.58 

1.50 
1.55 

1-36 
1.42 
1.75 
1.40 

1.84 

d. 

2.75 
3.36 

3.04 
1.51 

2.00 
2.93 

1 - 8 5  
1.81 

1.71 
1.77 
1.98 
1.66 

2.55 
2.93 
2.63 

2.31 
1.75 

2.20 
1.62 

2.54 
1.89 
2.18 
1.77 

2.48 

1 e59 
1.89 
1.50 

2.18 
1.74 

1.70 

1 : io  

d. 

4.90 
5.45 

2.98 
5.07 

3.58 
4.45 

3.47 
3.46 
3.26 
3.29 

2.25 
3.67 

4.80 
5.28 
4.61 
4.13 
3-83 
3.41 
3.17 
4.06 
4.38 
3’41 
4.09 
3.18 

30.72 
3.28 
3.14 
3.39 
2.86 
3.16 
3.93 
3.10 
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?LATE 4. 

F&J% 4 .  

n 

S E C T I O U  A T  H O P P E R .  L O N G I T U D I N A L  0 4 C T I O W .  
C. -C CROSS S E C T I O H .  L O N G I T U D I N A L  s c c - r l o N .  

P L A  n . 
C U T T E R  S U C T I O N  D R E D G E R  ' J l N G A "  ( 8 0 M 8 A Y  C O R 7  T R U S T )  

C R O S S  S E C T I O N  
TYRO' H O P P E R .  

b .  b 

M A I N  D E C K  P L A ~ .  

H O ~ P  P E R ,  L A D D E R  D R E D G E R  " S I L U R U S '  
( B O H m A Y  P O R T  T R U S T )  C U T T E R  
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PLATE S 

D E C K  F L A N .  

..., 

N O Z Z L E .  

D R A G  S U C f l O N '  D R E D G E R " M . O . P .  210 B U E N O S  A I I R E E . )  
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Downloaded by [ University of Melbourne] on [24/09/16]. Copyright © ICE Publishing, all rights reserved.


